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4- Partial least square regression
5- Ratio of performance to deviation
6- Principal component regression

b))

Laosls ol a8 ol (o3l Sledlbl JL Jsw b
S0l sl ails olen w35 L ASly
b 53 e gl S O i SB
Sk e iS5 Dl s S5 bl
5 rbliaay S ol s g 3 pasla
Sl rlnby chas oo 0L 0 SULS slag sedsb L
SRl YV 5T cl s el il lacs
S ok U5 3k slacidb 5l S b
BS AL S et 5 Sund s S
Wl Ky b Sl S 5l S
ol ol S (I el (b 5 wolasle
5 oAl SBAS sida 5 ST 5 Cusb (6 ps
e s il b O 5L Sl s 3K
Kb Glpy ib Glom S @S IS
wals 53 ehsa b lassls 5 oeslaad (V)
(NIR)" 335 50 30ssle 5 (Vi)' 3o slacid
Olpeay (sl Yoru b Yo o slagsedsh)
b Sy ARG oSl Sl )
() cl sk Gl S glasd 5 S5
5 S oS &S Wlesls oL la Jass
L Yor zsedsb ViS-NIR) ss 5o 30530k
gordsh MIRY Lo 5o 3055l 5 (gl Yoo
ST oS ke Gl (g T BT
LSy 5 (Y00 Y) Sa3en (V) 55 5,50 4 1, St
e o2 53 a8 dlos S ao s 5 (Yoo A) ful,
oS 1y S T esle lade Ol5 e 2ol YOru
) eslizal b ccilisee gla_iass 53 .(08 5))) 5 S
il sty Sl S8 ee s b slaesls
351 sl <33 51 GSUS sl i8S obd
o Ol gea ol ol &yl St T Sl

&Lad:j) )‘ oalaul b (Yer)) (_;‘SJJ&AJ Q)_,j\)

1- Visible
2- Near infrared
3- Mid-infrared



ITAA (1) 8,05 (Y1) s S 5 f Cblin gla yidgsy 4 paid

oslizal 55 (MLR)' s o 0ge S5 i,
S Sup B0k = e b laesls
Sheslizad 56 ey p (V S JT S 55500
2otk sl sl e il gl s,
sl 7 5 S T e S S e sladis 3
b gladls 5 gne olgidn gladas 5 Shes
SB sl Sns p e odleia sladte L S

S IS a5l s S

W g, 9 3lge
e S I )5 e 5 5515 e
j._oJ o3 3 CSU el Ol i addlaes ) se
A SpesS Yool s Sl s gl
o) 9> tu:)\ wi;h» el Olis S0kl 5y (Ol g ye
s3dm OF Cola 5 20 VYAG/O 1 Lys pebaw S
Sy U sdes Hsba aS a3y LS VHVIA
(ol el (WL sl Jels gioslas Lol
gble 5 Ko (B edSly DL s el
Pl addlaes ;g o3 sdone Wl Ll S S
olas s el 53 e Cosbpe o5 el
Ul Sl o Sle ol 3,0 b e sl
55 oldie cpl ainde 5 oedg e ke VOYVA LI
5o AUl gl o Sle das e oo o Je
G 5 o Sk 5 b 4y VYNY
YA —oek i w4 AUl el

on‘f’- E) L;':J)b) VJ“)) RIS WA ))}Tﬁ J:.A‘_;L:ﬂ

5 :.

Bl S 93 s en e Ko s Soo) o S adkie
b aikie sl LI glacil v o) 5 0
ol Ol S L Ve sl st ol g

S e Sl 1=0 Gas 3ledy st Cawd O soas adkie
e 5l e el S s skl S, w

1- Multiple linear regression
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Figure 1. Geographical location of the study area and soil sampling sites in Zrebar lake watershed, Marivan,

Kurdistan Province.
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1- Standard normal variate
2- Multiplicative signal correction
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Figure 2. Absorbance spectra of 100 soil samples in the studied area after applying the algorithms of a)
Savitzky-Golay filter with 1% order derivative (1% SG), b) Savitzky-Golay filter with 2* order derivative (2*
SG), ¢) Standard normal variate (SNV) and d) Multiplicative signal correction (MSC) in the Vis-NIR Range.
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2- Variance inflation factor
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5- Soil organic carbon
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1- Coefficient of determination

2- Normalized root-mean-square error
3- Mean error

4- Index of agreement
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Table 1. Descriptive statistics of soil organic carbon (%) for the calibration and validation data sets.
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Figure 3. Spectral reflectance curves of the three soil samples with different organic carbon contents.
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1- Pedo-transfer functions
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Table 2. Derived pedo-transfer functions (PTFs) for predicting soil organic carbon (SOC).

Model PTFs R? NRMSE ME
1 SOC=0.21+14.14 TN 0.90 20.91 0.40
2 SOC=0.14+10.69 TN+0.003 CO, 0.92 18.11 0.30

o554 35 ME s NRMSE R? o5, (mg CO;. kg dry s0il™) St b i €Oz 5 (1) JS 0352 TN (1) Sk JT o s :SOC

Mlh}gﬂill:ﬁjb“JL&j&&?Ql&)fﬁLﬁﬁ@)ﬂm;%ﬂ

SOC: soil organic carbon (%); TN: total nitrogen; CO,: soil basal respiration (mg CO,. kg dry soil™); R%, NRMSE and ME
are coefficient of determination, normalized root mean squared error and mean error, respectively.
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Table 3. Accuracy of the derived pedo-transfer functions (PTFs) for predicting soil organic carbon (SOC)
using validation data set (n = 25).

Model R? NRMSE ME
1 0.71 32.10 0.63
2 0.79 27.08 0.45

e ot 1 Sla 5 e Jlo g sl Slay jo 1:0ks 4ds ) < m 12 i 54 ME 5 NRMSE R?
R?, NRMSE and ME are coefficient of determination, normalized root mean squared error and mean error, respectively.

S oo Sl b ol Kl @l g ez 5 el palie Vi) ST Sl sl d IS )
Sl B gl Shs adlaesyse ailie s 53 SOC 5,50, 55 ¥ (eslgiy b el
2SS Ol s JS OSss Opmes ol odd Ll O el Seslnl pslie il
a5 ol 3 GaSee b Ol e Bl o dalin ¥ 5 Y ladsds 5 IS ol 55 45 6 S 0les
Cas LS ST S (YL 5 ) Je) slgdn 5 oy slaesls RP bl slie s
(Y1) oLen 5 Sols 55 o fe Jsd LG SOC 5,50, o5 ¥ (oolgin Juo lslcds
JS U555 5 s Meos lagsss Sl esliza b 5o O T N VSO RSOV [ KPR SO0
@by s L1, SOC el Juil b 5o 53 S @lede mb LAl 53 sl b
OA) L3S 5,50 53l G e gl S T S sl

A



Oy e g 03p00d Wogw

10
n 8 '
DS
O
286 )
s
a9 O
224
18" 4
Q [a
= 2 R2_=0.92
=0,
R2,,=0.73
0
0 2 4 6 8 10
(1) oy (& o 031l JT g0 5

Measured OC%

losls (g sl (Y all)) algdy (SISl mb 51 eslial b S T op S addajsl 5 o So5lbl polis - S

(A)W}L&‘ K) (@) ﬁ""“’

Figure 4. Measured and predicted soil organic carbon using the derived PTF (EQ. 2) for the calibration

(@) and validation (A) data sets.
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Figure 5. Pearson's correlation coefficient between soil organic carbon and spectral reflectance values at

various wave lengths.
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Table 4. Derived spectral transfer functions (STFs) for predicting soil organic carbon by using various

preprocessing methods.

BTN NTS

b S s 2
Model e ¢ Preprocessing R® NRMSE RPD ME
method
3 SOC=-0.809+27.13 Ao — 27.86 Az No 042 4947 132 224
4 SOC=0.031+1703.14 Asgsr— 953.33 Asgr— 1214.67 Agas 1sG 061 4091 161 153
SOC = 5.166 + 6346.98 Axse, + 87390.90 Ao, — 4707.31
5 Aser + 8729.01 Aoy - 11132.49 Agoer+ 19321.32 Aoy - 2sG 072 3452 190  1.09
36326.02 Ayroo
6  SOC=43.47 - 122.99 Ao + 26.63 Asey MSC 048 4707 139 203
7 SOC=15.46 - 14.70 Asuz— 3.43 Aug+ 7.80 Asaay SNV 053 4441 148 180

ol Gro g W o b glilar odr Ao 3 Aw 5 (1) St T 5 SOC
NO does Uast Sl 5 o Sl doys ol Jla s sllast Sl o 5:S0bs a2y s u yo o 54 ME 5 RPD NRMSE (R?
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SOC and Ay, are soil organic carbon content (%) and spectral absorbance [%] in wavelength W (nm), respectively.
R?, NRMSE, RPD and ME are coefficient of determination, normalized root mean squared error, ratio of performance to
deviation and mean error, respectively. NO, 1% SG, 2% SG, MSC and SNV are no preprocessing, first derivative with
Savitzky—Golay smoothing, second derivative with Savitzky—Golay smoothing, multiplicative scatter correction and

standard normal variate, respectively.
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Table 5. Validation of the derived spectral transfer functions (STFs) for predicting soil organic carbon (SOC)

using validation data set (n = 25).

Parameter ME NRMSE (%) R? RPD
NO 1.75 53.38 0.19 0.97
198G 1.04 41.18 0.42 1.26
278G 1.58 50.66 0.29 1.02
MSC 1.10 42.18 0.36 1.23
SNV 0.95 39.36 0.45 1.32

NO s Lot Sile 5 d Ol il Aoy edd Jloy sl Sl o ks 4205 o a5 o j& ME 5 RPD NRMSE R?
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eh 2l Jle 5 pane 5 S8k ol mmead (IS 5 Simsle b pss Grie bedd Bl e
R?, NRMSE, RPD and ME are coefficient of determination, normalized root mean squared error, ratio of performance to
deviation and mean error, respectively. NO, 1st SG, 2st SG, MSC and SNV are no preprocessing, first derivative with
Savitzky-Golay smoothing, second derivative with Savitzky—Golay smoothing, multiplicative scatter correction and

standard normal variate, respectively.
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Figure 6. Measured and predicted soil organic carbon using the derived STF (Eq. 4) for the calibration

(@) and Validation (A) data set.
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Abstract

Background and Objectives: Soil organic carbon (SOC), as a great constitute of soil organic matter
(SOM), has an important role in chemical, physical and biological processes of soil. SOM or SOC is
a key parameter of soil quality and a soil fertility indicator. SOM has an essential role in formation
of soil aggregate and its stability, water and nutrients adsorption, water holding capacity, infiltration
of air and water, hydraulic conductivity, soil water repellency and carbon sequestration. Various
studies have shown that the quantity and quality of SOM can be affected by anthropogenic activities
such as farming practices and other economic development activities. It has also been reported a
high rate of SOM loss on eroded lands. Hence, monitoring temporal and spatial variation of SOM is
essential for evaluating long-term soil productivity management. However, conventional soil
sampling and chemical measurement of SOC, especially in large geographic scale, is tedious, time
consuming and expensive. Therefore, rapid and precise assessment of SOC content can be useful in
long-term management of soil. The objective of this study was to investigate the ability of soil
visible-near infrared (vis-NIR) spectroscopy for estimating SOC in Zrebar lake watershed of
Marivan, Kurdistan province, Iran.

Materials and Methods: A total of 100 soil samples were collected from the studied region, with an
area about 10718 hectares. The spectral reflectance and physicochemical properties of all soil
samples were measured under laboratory controlled conditions. After recording of the spectra,
different pre-processing methods were applied and compared. Then, pedo-transfer functions (PTFs)
and spectral transfer functions (STFs) were developed to estimate SOC content using stepwise
multiple linear regression (SMLR). The accuracy and reliability of the derived PTFs and STFs were
evaluated using coefficient of determination (R?), normalized root mean square error (NRMSE),
mean error (ME), index of agreement (d), and ratio of performance to deviation (RPD) statistics.

Results: Based on the results, soil organic carbon showed high and significant (significance level of
1%) correlations with spectral reflectance values at Wavelengths 858 and 1916 nm. The results
indicated that the derived PTFs had the hlgher accuracy (R ag=0.83, NRMSE,,4 = 24.55%) to estimate
SOC in comparison with the STFs (R avg=0.44, NRMSE = 44 31%). However, SOC could be also
fairly estimated by the derived spectral transfer functions (Ra\,g =0.52, RPD,y4= 1.44). The results also
revealed that the Savitzky—Golay smoothing filter with 1% order derivative was the best spectral
pre-processing method to reduce the effect of random noise and improve the calibration models.

Conclusion: Overall, the results indicated that although the performance of STFs was not superior to
the corresponding PTFs for estimating SOC, but this approach can be used as a reasonable indirect
method in case of unavailability of PTFs.
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